Different models had been made, which by selecting the neural network algorithm, classification and regression tree algorithm and Bayesian network algorithm in the data mining software. Then the three concrete models were combined and the conditional statements were derived from the derived nodes. According to the principle that the minority is subordinate to the majority, an accurate and credible forecasting model had been built by the way of "vote for". The prediction model can predict the condition of perishable food, which innovatively guiding the safety inspection work; by choosing the safety rapid detection for typical effective sample of perishable food, effectively improve the efficiency and effectiveness of the inspection work. The prediction model avoids the deterioration of perishable food flowing into the market, and ensures the safe transportation of perishable food.
INTRODUCTION
The process, which is about exploring the intrinsic correlation and rules among the massive data and forming the model, is called data mining techniques [1] [2] [3] . In foreign countries, data mining technology has been widely used in many areas where some of the typical applications are as follows: using data mining techniques to analyze DNA in biological research field, identify customers' purchase patterns, and predicting the frauds which often occur in banks and insurance companies [4] [5] , the project initiated by the United States Eber Smith and Douglas joint venture, use the data mining technology to provide a set of cold chain monitoring and analysis technology for the health care industry [6] [7] [8] . International academic journals have also appeared data mining topics or special issue of artificial intelligence, database and information processing and other areas. On the field of data mining, compared with abroad, domestic research started later, at present, many domestic research institutes, universities and colleges have carried out research about basic theory, application and other related aspects of data mining, knowledge discovery [9] [10] [11] [12] [13] [14] [15] . In the past three years from 2014 to 2016, some domestic research on application of large data mining in the field of early warning of food safety risk has emerged. For example, in 2014, "the application of data mining technology in assessment of food safety risk" was studied by Yang Jie. In 2015, "The application of large data mining in the field of early warning of food safety risk" was studied by Wang Yajie, Yang Bing et al. In 2016, "The research on the early warning system of food safety risk based on large data mining" was studied by Li Zongliang. Compared with the United States and the European Union, the domestic early warning work is very limited, there are only two types of methods concerning the current domestic agricultural food risk early warning means: the typical case notification and the simple mathematical statistics. However, with regard to the analyses in-depth and applications of a large number of agricultural food test data, there are still no effective means so far [9] [10] .
Through consulting the current literatures both at home and abroad concerning the data mining [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] and food testing technology [15] [16] [17] [18] , it's not common to apply data mining to food transportation metamorphism monitoring forecast to guide the actual food safety sampling work. It's rarer to select a typical and effective sample for testing. Therefore, in order to meet people's requirements for perishable food's quality and safety in transit, The three models, which were the neural network model, the Bayesian network model and classification and regression tree (CART) model, were established respectively and used to predict the same result simultaneously, and then the most accurate prediction result of the perishable food transportation metamorphism monitoring system was obtained to guide the actual typical sample test for perishable food safety, which had a strong practical value in ensuring the safety and quality of perishable food in transit.
EXPERIMENTAL DESIGN OF THE DATA MINING PROCESS
The process of data mining can be roughly divided into six stages [1] [2] : 1) Business understanding Business understanding was divided into three parts: the first part was the interpretation of the business background, the second part was the assessment of the resources, and the third part was target mining. Personnel, data, software and hardware were the four aspects of resource evaluation. This paper took strawberry metamorphism monitoring in transit as an example, personnel included those who can provide relevant basic data (such as the staff or partners of perishable food transportation monitoring companies) and those who can find out the mining target, obtain the mining result and get information for decision support (for example, the leadership of the logistics company's monitoring center). Data referred to the data of business and logistics companies; Hardware referred to the response sensor which was used to collect temperature, humidity and mechanical damage during monitoring of perishable food metamorphism in transit. The software referred to taking the temperature, humidity and mechanical damage collected by hardware system during monitoring strawberry metamorphism in transit, as the source data. Then used data mining software clementine12.0 in the training set and test set to select the neural network algorithm, CART algorithm, Bayesian network algorithm and modeled them separately. According to the definition that the specific problem of the study object was transformed into the data mining problem, determined the mining target. For example, the specific problem of perishable food transportation metamorphism monitoring was "the prediction of whether or not degenerate".
2) Data understanding A complete and detailed interpretation of all the data needed for data mining (from collecting the original raw data to describing the data, and then to inspecting the data quality) is called data understanding. This paper took monitoring strawberry metamorphism in transit as an example, data understanding referred to the process which was from the initial data collection concerned temperature, humidity, mechanical damage and the corresponding time and serial number during monitoring strawberry metamorphism in transit and to the corresponding data description and then to the corresponding data quality test.
3) Data preparation For data preparation, there were three steps: the first step was data selection, the second step was data preprocessing, and the third step was data transformation. Data selection was to simplify the process of data mining in order to achieve the purpose of obtaining raw data quickly. The process of data scrubbing, integration and protocol was data preprocessing. The quality of data preprocessing directly affected the effect of data mining. During preprocessing, if the parameter redundancy occurred, this problem will be solved by data transformation and dimensionality reduction, In order to reduce the dimension, performed the data transformation, and found a really useful feature from the initial characteristics of the data, thereby reducing the features and the number of variables, both of which need to be considered during the data mining process.
In this paper, took monitoring strawberry deterioration in transit as an example to perform the three steps to describe the data preparation:
The first step, the main reason for the deterioration of strawberry is microbial pathogens. Microbial pathogens are caused by changes in temperature, humidity, light and mechanical damage (mechanical damage can also cause the epidermal injury of perishable food, resulting in producing microbial pathogens), or directly brought from the field (infected leaves and soil). Therefore, selected the data from 6:00 a.m. to 24:00 PM, every fifteen minutes, measured temperature, humidity and mechanical damage of 1000 strawberries during monitoring them in transit to get 73 groups of data as experimental data, to use process of, and took the number of metamorphosed strawberries as the target data.
The second step, the data preprocessing is mainly to discretize the continuous values of temperature and humidity collected. For example, the temperature from -0. humidity from 50% RH to 95%RH was divided into six stages with 1 (90% RH ~ 95% RH), 2 (76% RH ~ 89% RH), 3 (70% RH ~ 75% RH), 4 (65%RH ~ 69%RH), 5 (56%RH ~ 64%RH), 6 (50%RH ~ 55%RH), strawberries metamorphosed were indicated by 1, strawberries which had not been deteriorated were indicated by 0; mechanical damage data was got via calculating the number of strawberries with mechanical damage, so the data could meet the requirements of data mining.
The third step, data transformation was to reduce dimensions of monitoring data of perishable food in transit. In order to make monitoring data collected during the transportation dimension reduction, in the data mining experiment about perishable food metamorphism monitoring in transit, time and sequence number were both filtered, only three parameters, which include temperature, humidity and mechanical damage, and the discrete data corresponding to three parameter were saved. 4) Mining model building In this paper, took monitoring strawberry deterioration in transit as an example, the data mining model building consisted of five steps: The first step was to define the mining tasks (in this paper, the main task of data mining was to take strawberry metamorphism monitoring in transit as example, took time, temperature, humidity, mechanical damage and other data, which were collected through strawberry metamorphism monitoring in transit, as the sample data, taking metamorphic impact attribute information, which was collected, as input, and taking the result of prediction as output. The neural network algorithm, the classification and regression tree algorithm, the Bayesian network algorithm were modeled respectively in the training set and the test set via the data mining software Clementine12.0, and then the three specific models were combined in series, allowing them to "vote" for the prediction of a model, obeying the principle that the minority is subordinate to the majority, thus obtaining the relatively accurate and reliable prediction model of perishable food metamorphism monitoring system in transit.). The second step was to select the mining technology, the third step was to choose the mining tool (In this paper, the data mining software clementine12.0 was used to model and predict based on the collected data), the fourth step was to build the model and the fifth step was to evaluate the model. 5) Mining result analyzing and decision making for the research purpose Data mining result analyzing referred to the process of the analysis of the results of data mining using the useful pattern or the data that described the useful pattern, which had been presented via the visualization technology and the knowledge representation technology. Decision making for the research purpose referred to the process of developing strategies that were conducive to the research purpose based on the useful results derived from data mining, thus providing decision support for the research purpose. In this paper, took the strawberry metamorphism monitoring in transit as an example, based on the result of data mining model to judge whether strawberries were deteriorated to avoid the deteriorated strawberries' access into market, thus protecting the food safety interests of consumers.
Network Model Evaluation Standard
Data mining software Clementin12.0 provides a combination of three universal evaluation methods [11] [12] : The first is numerical assessment; the second is graphical assessment; the third is to use the verification data (data segmentation) test model is good or bad.
Numerical Evaluation Standard
The numerical evaluation index includes three: the overall accuracy rate, precision rate (hit rate) and recall rate (coverage). The overall accuracy rate can be obtained directly from the correct rate shown in the partition table in the analysis report. The recall rate is based on the percentage of the coincidence matrix in the analysis report. In general, in predicting the final effect of the model, we must first ensure the overall accuracy of the model forecast, and then ensure that the model predicted hit rate, and then on this basis, try to improve the coverage of the model.
The overall accuracy rate: the correct rate of the entire sample. A represents a level (overall classification) probability. P represents the positive and negative numbers of the correct forecasts. With T means the total number of samples, the overall correct rate is calculated as.
A=P/T (1) Hits: Indicates the percentage of perishable food that is predisposed to perishable food by the model, which is an indicator of the accuracy of the model. The formula is:
(2) where V is the hit rate, p indicates the correct number of positive forecasts, and t indicates the total number of positive forecasts.
Check the rate (coverage): that is accurately predicted by the model of food deterioration of the sample concentration of the actual percentage of deterioration. It uses an indicator to describe the accuracy. The formula is: S = p/a (3) (3) where S denotes the coverage rate, p indicates the positive number of instances to be correctly predicted, a represents the actual number of positive instances.
Evaluation Chart Evaluation Standard
The higher left side of the cumulative chart represents a better model, rather than the cumulative extension of the left side of the graph, and the lower part of the right side shows a better model. Profit charts, response charts, performance charts, profit charts, and ROI charts are the most common assessment of universality. This paper selects the income table, response graph, and performance chart as the evaluation criteria based on the selected three models.
Gain charts: The judgment of a gain chart is mainly determined by the sign whether or not the line in the table steeply raised to 100% and then gradually became gentle. If yes, it was a good model, if not, it was a bad one.
Lift charts: The judgment of a lift chart was mainly up to whether or not the line in the table started from the left just at above 1.0 and its height kept stably at the same level when the user moved to the right. If it was, then the model was a good model. Otherwise, it was a bad one.
Response charts: The judgement of a response chart lied on whether or not the line in the table declined from 100% or more than 100% value, if it was yes, then it was a good model, or else, it was a bad one.
ESTABLISHMENT OF A NETWORK MODEL BASED ON PERISHABLE FOOD TRANSPORTATION DETERIORATION MONITORING
In the model development process, through the unused data to verify the model was a standard for the development of models, and this criterion can validate the model's robustness. Before the model was built, data segmentation was required, in this paper, the sample data were split respectively by the training data in 50%, 60% and 70% proportions. That was the final samples were split into two parts including training data set which was used to train models and build models and the test data set which was used to evaluate the accuracy of the model.
Neural Network Model Evaluation Based on Perishable Food Transportation Deterioration Monitoring
A mathematical model of classification algorithm that mimics the behavioral characteristics of human or animal neural networks and performs parallel processing of distributed information is called Artificial Neural Networks (ANN). ANN can pre-store and classify data by establishing different types of neural networks. Compared with other classification algorithms, ANN not only has the higher accuracy of classifying, but also has the very strong ability of parallel processing of distributed information [19] [20] , ANN has stronger robustness and fault tolerance of noise data.
Flow chart of neural network algorithm modeling evaluation map were shown in the Figure 1 . 
1) Numerical evaluation of Quick and RBFN parameter neural network with different proportion of training data
The corresponding formula was calculated by the analysis report data, the numerical evaluation of the Quick parameter neural and RBFN parameter neural network was shown in the TABLE I with different proportion of training data:
The following conclusion was drawn via comparing the data which were in the following statistical tables: Data segmentation was performed using neural network with 50% proportion of training data, both of the overall accuracies obtained respectively by taking the RBFN parameters calculated on the test set and taking the Quick parameters are 91.43%. But if the hit rate took Quick parameters, the obtained overall accuracy of the neural network would be higher than that calculated by RBFN parameters on the test set. Therefore, when the data segmentation was carried out with 50% proportion of training data, the prediction effect was better through the neural network model obtained by taking Quick parameters. It could be seen from Figure 2 , Figure 3 and Figure 4 : The Quick parameter and the RBFN parameter neural network were similar in the test set with different proportion of training data from the effect diagram. However, we could see that the right end red line was higher of Quick parameter than that of the parameter RBFN from the effect diagram.
Therefore, the Quick neural network on the test set has better prediction effect by 1) 2) with 50% proportion of training data.
Classification and Regression Tree Model Evaluation Based on Perishable Food Transportation Deterioration Monitoring
Classification and Regression Tree (CART) is a kind of decision tree technology applying to data set classification. It can automatically detect the potential structure, important patterns and relationships of highly complex data. The potential structure, RBFN parameters Lift chart Quick parameters Lift chart RBFN parameters Gain chart Quick parameters Gain chart important models and relationships of these highly complex data which were detected automatically, can construct accurate reliable prediction models, which are widely used in customer classification, insurance fraud, credit risk management and so on [21] [22] .
Flow chart of CART algorithm modeling evaluation map were shown in the Figure 5 . The corresponding formula was calculated by the analysis report data, the numerical evaluation of the CART network was shown in the TABLE II with different proportion of training data: The following conclusion was drawn via comparing the data which were in the above statistical tables: while performing the data segmentation with 60% proportion of training data, the obtained overall accuracy, hit rate and coverage rate via modeling on the test set were all higher than that of the other two methods both of which also modeled through data segmentation, therefore, data segmentation with 60% proportion of training data was finally performed on the test set to build the CART model in order to get a better predictive result. 
Bayesian Network Model Evaluation Based on Perishable Food Transportation Deterioration Monitoring
Bayesian network combines probabilistic theory with graph theory to provide a natural and intuitive method for solving uncertainties. It is one of the most effective theoretical models in the field of uncertain knowledge representation and reasoning [23] [24] .
Flow chart of Bayesian network algorithm modeling evaluation map were shown in the Figure 6 . 
1) Numerical evaluation of TAN parameter and Markov Blanket Parameter
Bayesian network with different proportion of training data The corresponding formula was calculated by the analysis report data, the numerical evaluation of the TAN parameter and Markov Blanket Parameter Bayesian network was shown in the The following conclusion was drawn via comparing the data which were in the above statistical tables: while performing the data segmentation with 50% proportion of training data, the obtained overall accuracy of the Markov Blanket Bayesian network was higher than that of the TAN Bayesian network, and got a better prediction result.
2) Evaluation chart evaluation TAN Bayesian network and Markov Blanket Bayesian network with 50% proportion of training data evaluation map were shown in the Therefore, Markov Blanket Bayesian network on the test set has better prediction effect by 1) 2) with 50% proportion of training data.
Combination Model Evaluation Based on Perishable Food Transportation Deterioration Monitoring
The results of the numerical evaluation of the three models were shown in the TABLE IV.
It could be seen from TABLE IV: The Quick neural network model and the Markov Blanket Bayesian network model have the same prediction results, and are both higher than the prediction results of the classification regression tree model according to the principle that the minority was subordinate to the majority, The better prediction results of the poll were as follows. The accuracy rate was 91.43%, the hit rate was 93.75%, and the coverage rate was 88.24%. 
CONCLUSIONS
The innovation of this paper lied in the application of data mining in perishable food metamorphism monitoring system in transit, selecting temperature, humidity and mechanical damage as parameters, using data mining tool Clementine12.0 software, successfully split data in different proportions and took different parameters to model the Bayesian network, the classification and regression tree and the neural network algorithm respectively, then selected the optimal predictive model from the three types of models to carry out the series combination, and set the condition "voting" through the export node. The prediction result of whether perishable food was deteriorated or not was the accordant prediction result of two models among the three, And the accordant prediction result was more convincing, so a more accurate prediction model of perishable food metamorphism monitoring system in transit was obtained. Through the more accurate prediction model, guided the transport destination to detect perishable food rapidly and extract effective typical test samples, effectively improving the efficiency and effectiveness of sampling work, to avoid harming people's health due to deteriorated perishable food's accessing the market, which can ensure the quality and safety of perishable food in transit and protect the interests of consumers of perishable food.
In this paper, data mining technology was used to do a preliminary exploration of perishable food metamorphism monitoring in transit, and some results were achieved, but in theory and practice, there were still some limitations, and further study was still needed. At the same time, the number of samples also had limitations, in data mining, a large number of samples are needed to be collected, however, due to the conditional restrictions, in this research, only1000 strawberries were selected as samples. In order to meet the data mining requirements for large amounts of data, the number of samples needed to increase.
